I. Introduction
Apis mellifera honeybees produce honey, a viscous and highly concentrated solution of a complex mixture of sugars, through the collection of nectar from different flowers or honeydew secretions, and the action of enzymes (mainly invertase and glucose oxidase) produced in their hypopharyngeal glands. Honey contains also water and small amounts of other nutrients such as minerals, proteins, vitamins, organic acids, flavonoids, phenolic acids, and other phytochemicals. Phytochemicals have been characterized as health promoting agents and are responsible for the antioxidant activity of honey [1] .Honey composition, colour, flavour, as well as the content of phytochemicals depend on the flower sources, geographical origin, climatic conditions, bee species, packaging conditions, thermal and ultrasound treatments, storage time, etc. [1, 2] . Variation in honey composition and properties have attracted researchers in conducting a great number of studies, dealing with characterization and authentication [1] [2] [3] [4] [5] , using instrumental and conventional methods in combination with statistical analyses.
In Greece, previous studies have dealt with the characterization and geographical classification of pine and thyme honeys based on volatile compounds [3] or the combination of physicochemical parameters (including colour) and volatile compounds [2] using chemometrics. Yet, there is no other study involving fir honey geographical classification, using physicochemical parameter, colour attribute, and volatile compound data. Based on the above, the aim of the present study was to investigate if specific physicochemical parameters, including colour, and volatile compounds, could allow the differentiation of fir honey according to geographical origin, using chemometrics. honey samples was determined using melissopalynological analysis [2] . Samples were stored in glass containers, shipped to the laboratory and maintained at 4±1°C until analysis.
Reagents, solutions, and consumables
Sodium hydroxide and hydrochloric acid (37%) used for the determination of free and lactonic acidity were purchased from Sigma Aldrich (Germany). Potassium chloride (0.1M) was obtained from Hanna (HI 7031, Hanna Instruments, Inc., Woonsocket, USA). Whatman filters (CAT. No. 6780-2504, UK) with a pore size of 0.45 μm, were used to remove any solid particles prior to spectrophotometric measurements.
Physicochemical parameters
Physicochemical parameters such as electrical conductivity (EC), pH, moisture, free acidity (FA), lactonic acidity (LA), total acidity (TA), as well as the ratio of lactonic to free acidity (LA/FA) were determined according to harmonized methods of international honey commission [6] . The conductivity meter (Delta OHM, model HD 3456.2, Padova, Italy) was calibrated with a 1413 μS/cm standard solution of 0.1M potassium chloride at 20 °C . Conductivity results were expressed as mS/cm. Each sample was run in triplicate (n=3).
Determination of ash content
The ash%, (w/w) was calculated on the basis of the results of electrical conductivity [7] . 2.5. Determination of colour attributes: (L*, a*, b*), and browning index Colour parameters (L*, a*, b*) were determined according to CIE recommendations [13] , as shown in previous study [10] . Browning index (BI), BI= [100(x-0.31)/0.172], where x= (a*+1.75L*)/(5.645L* +a*-3.012b*) was estimated according to Ferrari et al. [8] . The results reported are the mean of five determinations (n=5).
HS-SPME-GC/MS analysis
Headspace volatile compounds were extracted from honey, using a divinyl benzene/carboxen /polydimethylsiloxane (DVB/CAR/PDMS) fiber 50/30μm (Supelco, Bellefonte, PA, USA). Prior to use, the fiber was conditioned following the manufacturer's recommendations. Test samples were prepared daily prior to HS-SPME-GC/MS analysis. Blank runs were carried out before sample analysis to make sure that there was no contamination that could cause memory effects. Details on identification, semi-quantification, along with the GC/MS instrumentation and analysis conditions are given in a previous study [2] . Each sample was run in duplicate (n=2).
Statistical Analysis
In order to test differences between the determined parameters with respect to geographical origin, multivariate analysis of variance (MANOVA) and linear discriminant analysis (LDA) were applied, as previously described [2] , to the collected data set. All the statistical treatment of data was performed using the SPSS v.22.0 statistics software.
III. Results and discussion

Physicochemical parameters of commercial fir honeys
Water represents the second major constituent of honey. Water content or moisture (g/100g) is related to different factors such as botanical and geographical origin of the nectar, soil and climatic conditions (rainfall, relative humidity), season of harvesting, degree of maturation, beekeeper's manipulation during period of harvesting, as well as extraction, processing and storage conditions [9] . Honeys from different geographical origin, may have different moisture content, as in the present study. Furthermore, moisture is a quality parameter, related to honey shelf life. In the European regulation [10] , the upper limit for moisture content in honey is 20g/100g. Higher moisture content may result to an undesirable fermentation, due to the osmophilic (sugar tolerant) yeasts and moulds present in honey. On the other hand, water content may affect several honey properties such as colour, crystallization, viscosity, flavour, and density [11] . The moisture content in honeys analyzed was below 20g/100g, in agreement with Turkish, Spanish, and Slovak honeydew honeys, respectively [12] [13] [14] pH value of honey usually ranges between 3.20 and 4.50 in nectar or blossom honeys and 5.0 to 6.0, in honeydew honeys. Present pH values were typical of honeydew honeys, being in the range reported previously for honeys originating from Turkey, Spain, and Greece [2, 12, 13] .
Electrical conductivity of honey is owed to its ions, organic acids and proteins and is related to the ash content [7] . Thus, the higher the ash content, the higher the resulting conductivity. It is often used as the dominant criterion in the quality control of honey, in order to distinguish between blossom and honeydew honeys. EC values in honeydew honeys should be higher or equal to 0.80 mS/cm [10] . All honeys analyzed met this criterion, in agreement with previous studies on honeydew honeys [2, 12, 13] . Ash content (g/100g) is a measure of quality that evaluates the mineral content present in honey. The mineral content may comprise an indicator of geographical origin or environmental pollution, since mineral content depends on the type of soil used for the growth of plants, having the nectar which honeybees feed on [15] .Acidity (meq/kg) is an important parameter related to the freshness and the deterioration of honey. It is characterized by the presence of organic acids in equilibrium with lactones, esters and some inorganic ions (phosphates, sulfates and chlorides) resulting DOI: 10.9790/2380-1001011622 www.iosrjournals.org 18 | Page to free and lactonic acidity (reverse acidity when honey becomes alkaline). The maximum value for free acidity set by the EU [10] is 50 meq/kg. Higher values may be indicative of undesirable fermentation of sugars into organic acids. However, the presence of different organic acids, geographical origin and harvest season may also affect honey's acidity [15] . FA values were much lower than the upper limit set by the EU [10] . Total acidity (sum of free and lactonic acidity) recorded variations according to the geographical origin of commercial fir honeys (Table 1) , but it was lower than 50 meq/kg. Lactonic to free acidity ratio, varied significantly (p=0.001) according to geographical origin of fir honeys. Variations in acidity related parameters have been also previously reported for Turkish, Spanish, Slovak, and Greek honeydew honeys [2, 12, 13, 14] .
Colour attributes and browning index of commercial fir honeys
Commission Internationale de l' Eclairage (CIE) system uses three parameters to evaluate colour in foodstuffs: colour parameter L* corresponds to degree of brightness, parameter a* (positive values) corresponds to degree of redness, a* (negative values) to degree of greenness, parameter b* corresponds to yellowness of colour (when positive) and to blueness of colour (when negative) [16] . This system stimulates the human eye observation when irritated with a specific colour. In that sense, honey colour is a very important attribute for consumer product acceptance. The colour of honey may provide useful information, involving: the content of pigments with antioxidant properties (carotenoids, phenolic acids, flavonoids, anthocyanins, etc.), nectar source and pollen content, or mineral content [17] . In addition, processing of honey (i.e. thermal treatment, ultrasonication) may affect honey colour [1] .
Results showed that significant differences (p=0.0024) were observed only for colour parameter a* according to geographical origin of commercial fir honeys ( Table 1) . L* values were higher as compared to the work of Escriche et al. [4] dealing with honeys from Spain, Romania, and Czech Republic (acacia, sunflower, tilia), whereas they were in agreement with previous work on Greek pine ( honeydew) honeys [10] . However, a* and b* colour parameters were much lower as compared to commercial honeys from Thailand and Mexico, respectively [1, 18] . The browning index (BI) demonstrates the effect of thermal treatments on the development of dark colour in honey samples. The browning reaction could occur as a consequence of increased temperature during honey processing. In the work of Tornuk et al. [15] it was shown that the brown pigment development in honey was correlated to the thermal processing of honey particularly owed to the non-enzymatic browning ( Maillard reaction). On the other hand, the Maillard reaction depends to a great extend, on the presence of high concentration of sugar and amino acids interacting at elevated temperatures. Besides, caramelization of sugars or presence of heat sensitive compounds during thermal processing may increase BI in honey [17] . Present results showed that commercial fir honeys were not thermally treated, since browning index values were much lower as compared to thermally or ultrasound treated commercial honeys [1]. This comprises an additionally quality criterion for fir honey consumers. 
Volatile compounds of commercial fir honeys
Forty two volatile compounds (including furfural) were identified and semi-quantified using internal standard (benzophenone) [2] . These compounds belong to different classes: acids, esters, alcohols, aldehydes, ketones, terpenoids, norisoprenoids, hydrocarbons, benzene derivatives, furan derivatives, etc. Table 2 , is given in Fig.1 . Numerous of these compounds including: 2-ethyl-1-hexanol, 1-octanol, 1-nonanol, furfural, benzaldehyde, octanal, decanal, benzeneacetaldehyde, heptane, 1-octene, octane, nonane, 2,5-dimethyl-furan, borneol, 3,4,5-trimethyl-phenol, have been identified in Greek and Turkish pine honeys [19, 20] as well as in fir honeys from Croatia [21] . What is remarkable is that, the ethyl esters identified in the present study, have not been reported previously in monofloral honeys produced in different countries [3, 20, 21, 22] . These compounds are reported for the first time in fir honey, and may originate from resins secreted in Greek fir trees. It should be stressed that, honey aroma, along with colour and taste, are among of the most important parameters affecting product acceptability by consumers. Furthermore, numerous volatile markers have been used for the determination of geographical and botanical origin of particular honey samples [2, 3, 4, 20] , using chemometrics. Table 3 .IS: internal standard.
Classification of fir honey according to geographical origin based on physicochemical parameters, colour attributes, and volatile compounds
The 43 fir honey samples were subjected to MANOVA analysis to determine which physicochemical parameters, colour attributes, and volatile compounds are significant for the geographical classification. Dependent variables included the 11 physicochemical parameters (including colour) and the 41 volatile compounds (with the exception of furfural) while geographical origin was taken as the independent variable. Pillai's Trace=1.008 (F=65.581, p=0.001) and Wilks' Lambda=0.001 (F=71.428, p=0.002) index values showed the existence of a significant multivariable effect of honey physicochemical parameters, colour attributes, and volatile compounds on geographical origin of fir honey. Six physicochemical parameters (including colour) and 15 volatile compounds were found to be significant (p<0.05) for the geographical classification of commercial fir honeys. Thus, these 21 parameters were subjected to LDA. Results showed that two statistically significant discriminant functions are formed. The first discriminant function accounted for 82.6% of total variance and the second accounted for 10.4%. Both accounted for 93 % of total variance. In Fig. 2 it is shown that all the geographical regions are well separated with Karditsa and Karpenisi being relatively close to one another. The first discriminant function clearly differentiates Karditsa and Karpenisi from all the other regions, while the second discriminant function clearly differentiates Messinia and Lakonia. The dependent variables that contributed to the first and second discriminant function, resulting to a correct geographical classification of fir honeys, are shown in Table 3 . The overall correct classification rate was 100% using the original and 69.8% the cross validation method; the latter considered a satisfactory value especially for the second ''conservative'' method [2] . Present classification results, are lower as compared to those reported previously for Greek pine honeys (based on the use of physicochemical parameters and volatile compounds), and thyme honeys (based on the use of volatile compounds), respectively [2, 3] . It should also be mentioned that such data involving fir honey, has not been previously published in literature regarding Greek fir honey. Along the same line of reasoning, Juan-Borrás et al. [4] , reported a higher classification rate than that of the present work in a study involving acacia, tilia, and sunflower honeys from Spain, Romania, and Czech republic, respectively, using physicochemical parameters in combination with volatile compounds and chemometrics. At this point it should be noticed that, in the previous work of Karabagias et al. [2] and Alissandrakis et al. [3] the geographical regions investigated were 4, and were of no close proximity as in the present study. The same holds for the work of Juan-Borrás et al. [4] , which involved different honey types produced in different countries. We claim that it is more difficult to differentiate honeys from the same production country or from areas of close proximity.
IV. Conclusions
Results of the present study showed that specific physicochemical and colour parameters, along with volatile compounds and chemometrics, may provide useful information regarding commercial fir honey geographical origin. This is the first report on such a topic, this constituting the novelty of the present work. Differences in the classification rates may be also attributed to the presence of different flowers in the proximity of the investigated regions. However, this is expected since honeybees collect nectar or honeydew from a large number of plants or trees, grown in a given area. Finally, in honey authentication efforts it should be considered that, if the tested regions or physicochemical parameters investigated increase, then correct classification rates are expected to decrease. This fact may justify the relatively low correct prediction rate recorded in the present study.
